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I. Introduction
A. Summary of Project
This project addresses the problem of how to reduce 
energy consumption in Department of Defense family housing 
units. This proposal entails installing individual gas and 
electric meters in the housing units. The installation of 
the meters, along with a direct billing system, creates an 
economic incentive for families living in these housing 
units to reduce their energy consumption. While families 
will be financially responsible for the energy they use, 
this project involves more than just placing an added 
financial burden on military families. Under this project, 
families will be allocated an energy allowance. Those who 
conserve below the allotted allowance levels will make 
money. Families that use more energy than the allowance 
will pay for their excess utility consumption.
For the project to be economically feasible, the 
reduction in energy consumption must offset the cost of 
installing and maintaining the meters. As part of this 
project the author conducted a feasibility study at Fort 
Huachuca, Arizona. The results of this study provided the 
price assumptions used in this paper. (See Part III, "Fort 
Huachuca Study.")
This project first reviews existing conservation 
methods used by the Department of Defense. The economic 
feasibility of individual utility meters are discussed in
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Part II. The problems associated with the installation of 
individual utility meters are also discussed in Part II.
Part III analyzes in detail the feasibility of actually 
installing individual utility meters at Fort Huachuca, A Z . 
Finally, Part IV utilizes the conclusions from the Fort 
Huachuca study and applies them to determine whether 
installing utility meters in housing units would be an 
appropriate, as well as an effective, measure for saving 
energy and money for the Department of Defense installations 
throughout the country.
B. Energy Conservation At Family Housing Units
Four hundred and twenty five thousand military family 
housing units exist world wide, 273,000 of which are in the 
continental United States. A small reduction in energy 
consumption levels in every unit amounts to a substantial 
savings. A 10 percent energy reduction in every unit might 
result in a gross savings of as much as 36 million dollars 
per year based on 1989 energy consumption levels and utility 
prices at Fort Huachuca, A Z .
Under the current system, the government provides 
families with unlimited free utilities, and hence there is 
no incentive to conserve energy. I have personally 
witnessed careless waste of energy in military family 
housing units. While the majority of families do not 
intentionally waste energy, a potential to increase energy
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
conservation exists.
Various methods could be employed to reduce energy 
consumption in military family housing units. While utility 
usage is only a small fraction of the entire defense budget, 
wasteful energy practices should not be encouraged.
Whenever possible, cost effective energy conservation should 
* be promoted. Energy conservation is not only a financial 
concern, but it is also a national defense issue. Energy 
conservation reduces our reliance on foreign energy sources. 
Reducing energy consumption levels in military family 
housing units will save money and promote energy 
conservation practices at the same time.
C. Alternative Methods of Reducing Energy Consumption
The Defense Department uses various means to reduce 
energy consumption levels in military family housing units. 
Structurally, the housing units are typically energy 
efficient. Most of the units have gas space heaters and gas 
hot water heaters. Gas heaters supply the users with heat 
more economically and efficiently than electric heaters. 
Swamp coolers are used instead of less energy efficient air 
conditioners in warm, dry climates. Many older housing 
units have had insulation injected into the walls and 
ceilings to make the houses more energy efficient. Whenever 
it is cost-efficient, the government should increase the 
energy efficiency of housing units by making necessary
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structural improvements. New housing units should be 
designed with energy efficiency as a priority. While 
structural improvements will reduce energy consumption, 
there is a limit to the structural improvements that can be 
accomplished at any given housing unit.
Public relations campaigns promote energy conservation 
at government housing units. Advertising and providing 
families with free literature accomplishes this. Although 
these programs play an important role in energy 
conservation, it is hard to gauge their effectiveness.
Department of Defense officials have attempted to show 
families that they waste energy. Individual housing units 
have been metered for the purpose of monitoring energy 
consumption. Families who utilized what was considered to 
be excess energy were counseled by their commanders on the 
importance of reducing their energy consumption. While this 
action identified families who wasted energy, it created no 
real incentive to reduce energy consumption. These programs 
were very sporadic and were not very effective.
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II. Individual Utility Meters
A. Why Individual Utility Meters Should be Used
While the above mentioned programs of structural 
improvements and public relations campaigns should be 
continued, there is a limit to their effectiveness. 
Structural improvements are vital to conserving energy, but 
most of the housing units have already had the majority of 
possible cost effective improvements completed. Public 
relations campaigns play an important role in promoting 
energy conservation, although their effectiveness is 
1imited.
This paper investigates whether it would be feasible to 
increase energy conservation in military family housing by 
installing individual utility meters. This approach offers 
a potential to save money through conservation if the 
reduction in energy consumption is greater than the cost of 
installing and operating the meters. While the initial cost 
of installing the meters is high, savings over the long term 
could be substantial. The installation of individual 
utility meters creates an economic incentive for military 
families to conserve energy. Therefore, the government 
saves money (in the long run) and the military family 
becomes more aware of the importance of energy conservation.
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B. Creating An Economie Incentive
One of the best ways to make individuals responsible 
for what they use, whether it is energy or anything of 
value, is to make them financially accountable. Families 
living in government housing units do not pay their utility 
bills. There is no monetary incentive to conserve energy. 
The only way to make families financially responsible for 
their energy consumption is by installing individual utility 
meters and adopting a direct billing system. While not all 
families waste energy, most families would be more inclined 
to alter their utility use habits once they became 
financially responsible for their energy usage.
Programs such as the Army's Self Help Program, which 
encourages self improvement of government family housing 
units, would be one way individuals could reduce their 
energy bills. Improvements would include improved 
weatherization of housing units. While families improve the 
value of the government housing by doing maintenance work, 
they aid themselves because the maintenance improvements 
will help reduce their utility bills. To further aid in the 
conservation, the government can provide individuals with 
free brochures explaining various ways to reduce household 
energy consumption. These suggestions could include lining 
doorways and windows with weather stripping, turning off 
lights when not in use, and only operating dishwashers, 
washers and dryers when they are full. In the end, the
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installation of individual utility meters would create an 
incentive for families to consider putting on sweaters 
before turning up the thermostat.
C. The Economic Feasibility of Utility Meters
1. Costs
For the installation of individual gas and electric 
meters in government housing units to be economically 
feasible, the reduction in energy consumption must be 
greater than the cost of installing and maintaining the 
meters. The costs associated with this proposal include:
1. cost of installing both gas and electric
meters.
2. cost of maintaining the meters.
3. cost of establishing and operating a
billing system.
The cost of installing the meters can be determined, 
although the installation costs vary greatly depending on 
the type of housing unit. The cost of maintaining the 
meters can also be determined, although it should not be a 
large expenditure. The cost of establishing and operating a 
billing system varies greatly depending on the type of 
billing system used. Part D, Obstacles To Installing 
Individual Utility Meters, examines various problems and 
possible solutions to the costs associated with implementing 
this project.
2. Benefits
The primary benefit of this project is the reduction in
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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expenditures on utilities. While it is impossible to 
predict the actual reduction in energy consumption caused by 
installing utility meters, a reduction would occur. A 10 
percent reduction in energy consumption would result in a 
gross savings of 36 million dollars per year. A 30 percent 
reduction would result in annual gross savings of 110 
million dollars. To predict the actual reduction of energy 
consumption caused by installing the utility meters, pilot 
programs could be used. Pilot programs could accurately 
gauge the potential for conservation due to individual 
utility meters. (See parts III E and IV B for details of 
pilot programs.)
The savings caused by the adoption of this project 
would be projected to be even more important in the future. 
Energy prices can only be expected to increase in the 
future. Reducing energy consumption has many monetary 
benefits, but the benefits that can not be measured 
monetarily increase every day. With increased energy 
conservation, pollution levels in the atmosphere decrease, 
dependence on foreign energy sources is reduced, and more 
energy remains for future use.
3. Payoff Period
The payoff period for the installation of the utility 
meters is the cost of installing the meters divided by the 
net dollar savings per year in energy consumption. While 
the cost of installing the meters can be determined
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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beforehand, the reduction in energy consumption can not be 
estimated without the use a pilot program. The following 
chart depicts the payoff periods for installing the utility 
meters, based on different levels of decreased energy 
consumption caused by installing the individual utility 
meters. The cost of installing the meters and operating a 
direct billing system are based on figures obtained from the 
Fort Huachuca study. (See part III, "Fort Huachuca Study", 
for details of costs associated with implementing project.)
Payoff Period (273,000 U.S. Housing Units)
Reduction In
Energy Net Savings
Consumption Per Year Payoff Period
10% $15,834,000 17.9 Years
20% $40,131,000 7.1 Years
30% $63,609,000 4.4 Years
A payoff period of 4.4 years makes this project 
economically feasible. A payoff period of 17.9 years is 
probably not acceptable. The best method to accurately 
gauge the actual payoff period involves the use of pilot 
programs.
4. Rate of Return of Investment 
Other than using a payback period, the government uses 
the rate of return on an investment to determine the 
feasibility of projects. The rate of return on an
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
10
investment determines the percentage return on the initial 
investment that the net annual benefits represent. A 
project with a negative rate of return is not profitable 
because the annual costs exceed the annual benefits received 
from the program. The rate of return of an investment must 
also be higher than the rate the government would pay if it 
borrowed the money, less the rate of inflation. Long term 
government bonds pay 8 percent. The average inflation rate 
is expected to be at least 4 percent. Therefore, for an 
investment to be profitable for the U.S. Government, its 
rate of return on investment must be at least 4 percent.
The following table shows the rate of return on 
investments for this project given three different 
percentage reductions in energy consumption. The rate of 
return of investment is based on a 20-year economic life of 
the investment. The life expectancy of utility meters is at 
least 20 years. A longer economic life for the meters would 
result in a higher rate of return of investment.
Rate of Return of Investment
Reduction In Net Savings Rate of Return
Energy Consumption Per Year of Investment
10% $15,834,000 1,1%
12% $20,811,000 4.0%
20% $40,131,000 12.9%
30% $63,609,000 22.0%
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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The rate of return on an investment of a 10 percent 
reduction in energy consumption is only 1.1 percent. This 
is below the necessary 4 percent. To obtain the minimum 
rate of return of 4 percent, the reduction in energy 
consumption must be at least 12 percent per year. A 12 
percent reduction in energy consumption would make this 
project economically feasible for the government, using the 
rate of return of investment as a deciding factor.
D. Obstacles to Installing Utility Meters
1. Structural Obstacles to Installing Meters
The main structural problem that must be addressed to 
implement this project is the engineering changes involved 
in installing the individual utility meters. Very few 
electrical or gas line modifications are required to install 
individual utility meters in single dwelling housing units. 
Difficulties arise with the installation of utility meters 
in multi-family housing units. Most existing multi-family 
housing units would require rerouting electrical wires and 
gas pipes. This rerouting greatly increases the costs of 
installing the meters.
The cost of installing individual utility meters in 
single dwelling housing units is less than in multi-family 
housing units. Gas and electric line modifications may 
involve drilling holes in walls and ceilings. For the 
program to be cost effective, it may be necessary to
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eliminate some multi-family housing units from the program 
due to the added cost caused by the required modifications 
of installing the meters.
2. A Fair and Equitable Billing System
The largest obstacle for implementing this proposal is 
the statutory laws that prohibit charging Department of 
Defense personnel for utility usage in government family 
housing units. Before this proposal could be adopted, these 
laws would have to be altered. As stated earlier, this 
project does not just place the financial burden for utility 
consumption on military families. Families will now receive 
an energy allowance to pay for their utilities. Families 
that conserve below their allotted energy allowance will 
make money, while those who use more than the allowance will 
bear the financial responsibility of their excess energy 
consumption. Any system that charges for utility usage in 
government family housing units would have to be fair and 
equitable.
One means of charging for utility use would involve an 
energy allowance. Precedence exists for using an energy 
allowance instead of providing for unlimited free utility 
consumption. The military already imposes various types of 
allowances. Travel allowances are based on a set amount as 
are clothing allowances. Neither is unlimited. This 
proposed energy allowance would be similar to the travel and 
clothing allowances. This energy allowance would differ
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
13
from other types of allowances in that the allowance can not 
be a set amount. The energy allowance would have to be 
directly related to the type of housing unit involved and to 
the climate of the specific area. The amount of energy a 
specific type of housing unit utilizes can be determined by 
examining existing utility usage records. (See appendix #1, 
Existing Utility Usage Records.)
To reduce the cost of establishing and maintaining a 
separate billing system for energy usage, utility 
consumption bills could be tied into the Department of 
Defense's pay system. Under this system, utility usage and 
utility allowances would appear on individual government 
paychecks. This would eliminate the cost of establishing a 
separate billing. Setting the energy allowances at 80 
percent of the present energy consumption would guarantee a 
20 percent savings in energy consumption for the Defense 
Department. Any reductions in energy consumption below 20 
percent would result in monetary savings for individual 
families. One might criticize this proposal for assuming 
that energy consumption could be reduced by 20 percent after 
families were held financially responsible. One method to 
determine what the actual reduction in energy consumption 
would be is through the use of a pilot program.
E. Existing Econometric Tools
Other than using pilot programs, econometric tools can
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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be applied to this study to determine the feasibility of the 
project. While the effectiveness of the econometric tools 
is limited, they do give a few valuable insights.
Econometric tools should not be seen as an alternative to a 
pilot program, but as an additional method of testing the 
feasibility of this project.
Interest in energy conservation increased greatly due 
to the Arab oil embargo of 1973. At that time, many 
conservation methods were suggested. These programs 
included tax incentives for weatherization, time—of—day 
electricity pricing, public relations campaigns, alternative 
energy sources, and other programs intended to reduce energy 
consumption. Econometric tools assisted in the 
determination of the feasibility of these programs. One of 
the major econometric tools employed involves the elasticity 
of energy prices. The elasticity of energy prices 
determines how much an increase in energy prices affects the 
demand for energy. If energy prices are not very elastic, 
conservation programs based on monetary incentives will not 
be very effective.
There are many "ambiguities and uncertainties" in 
determining the price elasticity of energy prices. Even 
though problems exist, econometric tools can be of 
assistance. Various studies concluded that energy prices 
have a large enough price elasticity to make monetary 
incentives one of the most effective means of reducing
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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energy consumption. Results also indicate that medium 
income families have the highest elasticities for utility 
prices. Military families are mostly middle income 
families. The results from previous studies have also 
indicated that energy prices are inelastic in the short run, 
but tend to become more elastic as time increases. This 
would suggest that the reduction in energy usage, resulting 
from the adoption of a direct billing system, would increase 
over t ime.
Another method of encouraging energy conservation is 
the Residential Conservation Service (RCS). RCS involves 
individual audits of homes to estimate the potential for 
energy conservation. These free audits are conducted by 
public utilities in an attempt to reduce energy demand. 
Similar audits could be conducted at housing units on 
military installations to predict the potential for energy 
conservation. The appropriateness of these audits is 
limited because the audits usually include recommendations 
for structural changes such as increased insulation. 
Structural modifications have already been made at military 
family housing units. These particular audits would be more 
effective if they concentrated on the psychological factor 
of energy conservation, resulting from the monetary 
incentive created with a direct billing system.
The main problem with applying existing econometric 
tools to this project involves the uniqueness of this
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proposal. Studies in the past only focused on incremental 
price changes in utility prices. This study proposes 
switching from a system of unlimited free utilities to the 
adoption of a system of charging for excess utility 
consumption. An incremental increase in the price of a 
commodity is quite different from being charged for 
something that had been free in the past. The results from 
limited pilot programs at military installations would 
create hard data, which could then be analyzed using 
existing econometric tools to assist in determining the 
feasibility of this project.
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III. Fort Huachuca Study
A. Overview
To test the feasibility of installing individual 
utility meters in military family housing units, the author 
conducted a study at Fort Huachuca, Arizona in 1989. The 
study was conducted with the approval of the Post Garrison 
Commander and the Department of Engineering and Housing 
assisted in providing technical assistance. There are 1,955 
family housing units at Fort Huachuca. The cost of 
implementing this program and the projected savings from 
Fort Huachuca can easily be applied to Department of Defense 
bases throughout the United States.
To determine the economic feasibility of installing 
individual utility meters at Fort Huachuca, the costs 
involved in implementing the program were analyzed. The 
costs included the installation and maintenance of the 
meters and the cost of maintaining a billing system. The 
cost of installing the individual gas and electric meters 
for the entire 1,955 housing units at Fort Huachuca is 
$2,034,459.
To project the potential savings, it was assumed that 
the installation of the utility meters would result in a 20 
percent reduction in utility consumption. While the actual 
reduction may not be 20 percent, setting energy allowances 
at 80 percent of current consumption levels guarantees a 20
17
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percent savings on energy expenditures for the Department of 
Defense. Comparing utility usage records of military family 
housing units with local civilian utility usage suggests a 
20 percent reduction in energy consumption can be obtained. 
The average home in Sierra Vista (a town located next to 
Fort Huachuca) which has a gas heater, a gas water heater, 
and a gas range uses 62.5 Therms of gas per month. The 
average housing unit on Fort Huachuca uses 94.4 Therms of 
gas per month. Clearly, there is room to improve energy 
conservation at Fort Huachuca. No comparable figures for 
electric use were available. Pilot programs would be 
necessary to determine the actual percentage saved. A 20 
percent reduction in energy consumption would result in a 
net savings of $287,908 per year at Fort Huachuca. If 
similar savings could be reached at military installations 
throughout the United States, the savings would be in the 
mi 11 ions.
B. Utility Usage
Existing utility records were used to determine the 
amount of energy housing units currently consume. The 
following utility consumption rates have been obtained from 
the Fort Huachuca Energy Office's records. From June 1988 
to May 1989 total expenditures on energy consumption at 
family housing units was $1,689,542. Expenditures on 
electric consumption was $632,949, while only $1,056,593 was 
spent on gas consumption.
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UTILITY USAGE (June 1988 - May 1989)
Month ELEC-KWH GAS-THERM
MAY 890,759 101,757
APR 885,993 195,603
MAR 739,452 186.038
FEB 986,574 386,688
JAN 741,320 286,882
DEC 974,310 388,094
NOV 704,462 253,646
OCT 749,710 60,221
SEP — —
AUG 897,791 62,225
JUL 709,007 54,904
JUN 775.127 53.177
TOTAL 9,054,505 KWHs 2,029.215 THERMs
Monthly Average Consumption:
Electric: 421 KWH per housing unit
Gas : 94.4 THERMs per housing unit
Utility Rates:
Government rate *= 1 KWH *= $0.064079
1 THERM = $0.4773
Civilian rate 1 KWH = $0.0987 
1 THERM = $0.60
Monthly Uti 1 i_ty_Costs Per Housing Unit:
Electric Gas Total
Government
Rate
$0.64079 
X  421 KWH 
$26.97
$0.477
X  94.4 THERMS 
$45.05 $72.02
Givi 1ian 
Rate
$0.0985 
X  421 KWH
$0.600 
X  94.4 THERMS
$41.46 $56.64
+ $7.50(usage fee)
$48.96 + $56.64 $105.60
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DOLLAR USAGE (June 1988 - May 1989)
Total EIectric= $0.064079 x 823,137 x 12 (Months)= $632,949 
Total Gas= 0.4773 x 184,474 x 12 - $1.056.593 
Total utility usage in family housing = $1,689,542 
20% energy reduction per year = $337.908 = Gross savings
C. Cost of Installing Utility Meters
The major cost of adopting this project is the 
installation of gas and electric meters. The cost of 
installing the gas and electric meters varies depending on 
the existing utility configuration. The cost of installing 
the meters into a single unit housing structure is easy to 
determine. The prices for installing meters in multi-unit 
housing structures vary considerably.
Various types of housing units exist at Fort Huachuca. 
The following two tables, one for the installation of gas 
meters and one for the installation of electric meters, 
indicate the cost of installing the meters for each type of 
housing unit. Fort Huachuca’s Directorate of Engineering 
and Housing calculated the cost estimates. They figured the 
cost estimates using a sample of 26 different housing units. 
The estimates included both material and labor costs 
associated with installing the meters. (See appendix #2 for 
actual cost estimate sheets.)
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COST OF INSTALLING ELECTRIC METERS
Housing Area Building Type Cost Per Total Number
BuiIding Cost of Unit!
Pershing 438 single units $ 332 $145,416 438
Pershing 31 duplexes $1328 $ 41,168 62
Miles Manor 150 duplexes $2464 $369,600 300
Coronado 167 single units $ 332 $ 55,444 167
Bonnie Blink 40 duplexes $2364 $ 94,560 80
De Anza 23 six-plexes $7011 $161,253 138
De Anza 1 duplex $2364 $ 2,364 2
Calvary Park 155 single units $ 332 $ 51,460 155
Gatewood 180 duplexes $ 664 $119,520 360
Signal 64 duplexes $2364 $151,296 128
Signal 6 six—plexes $7011 $ 42,006 36
Signal 6 four-plexes $1329 $ 7.974 12
TOTAL $1,252,585 1890
Average Cost Per Unit = $662.79
Total Cost for All Units = $662.79 x 1955 (total units) = 
$1.295.767
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COST OF INSTALLING GAS METERS
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Housincr Area Bui Idinq- Type Cost Per 
BuiIding
Total
Cost
Number 
of Unit:
Pershing 438 single units $ 472 $206,736 438
Pershing 31 duplexes $ 907 $ 28,117 62
Miles Manor 150 duplexes $ 907 $136,050 300
Coronado 167 single units $ 472 $ 78,824 167
Bonnie Blink 40 duplexes $ 907 $ 36,280 80
De Anza 23 six-plexes $1897 $ 43,631 138
De Anza 1 duplex $ 907 $ 907 2
Calvary Park 155 single units $ 472 $ 73,160 155
Gatewood 180 duplexes $ 907 $163,260 360
Signal 64 duplexes $ 907 $ 58,048 128
Signal 6 six-plexes $1897 $ 11,382 36
Signal 6 four-plexes $1114 $ 6.684 12
TOTAL $843,079 1890
Average Cost Per Unit = $446.07
Total Cost for All Units = $446.07 x 1656 (*total units) = 
$738.692
*299 units already have individual gas meters installed
ESTIMATED COST OF METERS FOR ALL FT. HUACHUCA HOUSING UNITS
$1,295,767 (Electric Meters)
+ $ 738.692 (Gas Meters)
$2,034,459 (Total Cost of Meters)
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
23
D. Billing System
Putting aside the legislative obstacles associated with 
implementing a direct billing system, the costs of operating 
a billing system at Fort Huachuca are examined. The main 
costs arise from the cost of reading the meters and 
maintaining a billing system. One full-time employee can 
read all the meters on post by reading six houses per hour. 
The estimated yearly cost for the salary of a meter reader 
would be $17,000 per year.
To reduce the cost of the billing system, the utility 
bills can be incorporated into the Army’s pay system. This 
would avoid the establishment of a separate billing system. 
Energy allotments, utility usage information, and 
deductions for utility consumption would be part of the 
individual’s monthly pay statement. According to the Deputy 
Finance Officer at Fort Huachuca, 1 and 1/4 employees per 
year would be required to operate the billing. One full­
time employee would be needed to process utility consumption 
levels into the Army’s computer pay system. Another 1/4 of 
an employee would be needed to correct any problems in pay 
associated with incorrect data.
Assuming a GS-5 salary for the employees, total 
personnel costs associated with operating a billing system 
are $38,250 per year. To allow for other unanticipated 
costs, add in another $12,000 per year. Thus, the total
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estimated cost of operating a billing system is $50,000 per 
year. Even if the actual costs of operating a billing 
system differ from $50,000 per year, the difference would 
have to be substantial before it would affect the economic 
feasibility of the project. Accurately predicting the cost 
of installing the meters is much more important for 
determining the economic feasibility of adopting the 
project.
E. Determining the Payoff Period
Determining the payoff period for the installation of 
the utility meters at Fort Huachuca depends on the 
percentage reduction in energy consumption caused by the 
installation of the meters. The payoff period is determined 
by dividing the cost of installing the meters ($2,034,459) 
by the net savings per year.
Payoff Period For Installation of Meters 
Fort Huachuca (1,955 Housings Units)
Reduction In 
Energy 
Consumpt ion
10%
12%
20%
30%
Net Savings 
Per Year
$113,954 
$149,000 
$287,908 
$456,863
Payoff
Period
17.9 Years 
13.7 Years 
7.1 Years
4.4 Years
Rate of Return 
of Investment
1 . 1% 
4.0% 
12.9% 
22 . 0%
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F. Pilot Program
To accurately determine the actual percent reduction in 
utility consumption resulting from the adoption of a direct 
billing system, a pilot program should be instituted. The 
pilot program would test the economic feasibility of 
adopting the program. If a 20 percent reduction proves 
feasible, the resulting 7.1 year payoff period may be 
acceptable; however, a 10 percent reduction, with a 17.9 
year payoff period, may not be politically acceptable.
A pilot program, utilizing 10 percent of the housing 
units at Fort Huachuca (195 units), can be instituted at a 
relatively low cost compared to the estimated two million 
dollars necessary to install individual utility meters at 
all of the housing units. To ensure an accurate portrayal 
of all of the housing units on post, the pilot program will 
include a sample of each different type of unit. Of the 
1,955 housing units on Fort Huachuca, 291 currently have gas 
meters. Therefore the pilot program will only utilize those 
housing units that already have individual gas meters 
installed. The only additional cost for those units will be 
the installation of electric meters. That cost has been 
estimated at $64,740 by the post facility engineers. The 
sample housing includes various housing units in four 
different sub-divisions of Fort Huachuca.
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Cost of Meters for Pilot Program
Housing Area Cost Per 
Unit
# of Units 
Per Area
Total Cost
Pershing $332 40 $13,289
Gatewood $332 55 $18,260
Coronado $332 40 $13,289
Calvary Park $332 60 $19.920
TOTAL 195 Units $64,740
In the pilot program at Fort Huachuca, energy 
allowances would be based on the type of housing unit and 
the average outside temperatures during the billing period. 
Existing base housing utility usage records and weather 
records will determine the energy allowance for each type of 
housing unit. (See appendix B for copy of base housing 
utility records.) At first, the energy allowance could be 
set at 90 percent of current consumption levels. If 
families, on the whole, use less than 90 percent of present 
consumption after a year of the pilot program, the energy 
allowance could then be set at 80 percent of current levels.
Such a pilot program will provide accurate figures on 
the potential for reducing energy consumption resulting from 
the installation of individual utility meters. With the
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figures obtained from the pilot program, the economic 
feasibility of implementing the project for all of the 
housing units can be determined.
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IV. Applying Fort Huachuca Results 
Department of Defense Wide 
The results from the Fort Huachuca study determined the 
cost associated with the implementation of this project.
The study also identified obstacles to implementing the 
project. The lessons learned from the Fort Huachuca study 
can be applied in determining the feasibility of 
implementing this project at Department of Defense 
installations throughout the country.
A. Installing Utility Meters
The Fort Huachuca study identified structural 
modifications that must be made before individual utility 
meters can be installed in multi-family housing units.
These structural modifications include rerouting of gas and 
electric lines. Many of the existing electric 
configurations in multi— family housing units are connected 
in a series. The alterations to install individual utility 
meters in these units would involve drilling holes in the 
walls and ceiling to install direct lines from the 
individual electric meters into each individual unit. While 
these obstacles can be overcome, they do raise the cost of 
installing the meters. The cost of installing an electric 
meter in a single dwelling unit is $332 and the cost of 
installing an electric meter in one unit in a six-plex is
28
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$1168. It will take three and a half times longer to pay 
off the electric meters in the six-plex than in the single 
unit. The higher cost of installing meters in multi-family 
housing units is offset by the lower cost associated with 
single and twin housing units.
One way to decrease the payoff period is to eliminate 
the more expensive units. While this would result in lower 
installation costs, it would create some problems. A 
situation would be created where some families would be 
charged for their utility use, while other families would be 
provided with unlimited free utilities. While this seems 
not to be an equitable system, not all military families are 
able to secure government quarters. Many DOD installations 
have long waiting lists for military family housing.
Families live in government housing by choice, and those not 
wishing or unable to live in government quarters must pay 
their utility bills in civilian housing. While the 
implementation of a direct billing system may discourage a 
few families from living in government housing, the overall 
demand for these housing units would not decrease.
B. Exclusion of Electric Meters
Results from the Fort Huachuca study indicate that it 
may be appropriate to limit a direct billing system to gas 
consumption, excluding electrical use. Gas makes up 63 
percent of total energy costs. The cost of installing the
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gas meters is only 36 percent of the total cost of 
installing both the gas and electric meters. Other than the 
lower costs associated with installing gas meters, the price 
elasticity of gas is greater than the price elasticity of 
electricity. When confronted with a direct billing system, 
there is little families can do to reduce their electrical 
consumption. They can turn off lights, not watch as much 
TV, dry clothes in the sun instead of using the dryer, and 
not use other electrical appliances as often.
On the other hand, the potential to reduce gas 
consumption is much greater. The housing units have gas 
space heaters, gas water heaters, and gas stoves. Methods 
to reduce gas consumption include lowering the thermostat, 
improving weatherization, taking shorter showers, and only 
using the dishwasher and washing machine when they are full. 
The following tables show the separate payoff periods for 
the installation of gas and electric meters. The full cost 
for maintaining a billing system is assumed in the 
calculation of each payoff period.
Payoff Period for Meters (Years)
% Reduction Gas & Elec Electric Gas
10% 17.9 97.4 13.2
20% 7.1 16.9 4.5
30% 4.4 9.2 2.7
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Assuming a 20 percent reduction in energy consumption 
and restricting the program to gas meters alone changes the 
payoff period from 7.1 years to 4.5 years. While the 
elimination of electric meters from the program at Fort 
Huachuca greatly reduces the payoff period, the consequences 
of eliminating electric meters at other bases may be 
different. Gas and electric prices are not consistent 
throughout the country. Comparative usage levels of gas and 
electricity would also vary depending on the geographic 
location of the military installation. While it takes 
longer to pay for electric meters, the cost of a billing 
system for both gas and electric meters is not much more 
than the cost of a billing system for gas meters alone. 
Charging only for gas consumption could create a situation 
where some families would lower their thermostat but would 
supplement their heat with inefficient portable electric 
heaters. Under this system of monitoring and billing for 
gas usage only, families would not be charged for the 
electricity they use. Therefore, it appears to be simpler 
and more effective to meter both the gas and the electric.
C. Importance of Pilot Programs
The biggest lesson learned from the Fort Huachuca study 
is that pilot programs are necessary to determine the 
economic feasibility of this project. Before spending 
millions of dollars, the underlying assumptions should be
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tested using pilot programs. A 30 percent reduction, with a
4,4 year payoff may be feasible, but a 10 percent reduction 
and a 17.9 year payoff period may not be.
These pilot programs must involve a direct billing 
system. Unless families are charged for their utility 
consumption, the monetary incentive of the project is 
absent. The purpose, as stated previously, of a direct 
billing system is to create an economic incentive to reduce 
energy consumption. The pilot programs will determine how 
much families will reduce their energy consumption.
Pilot programs should be implemented at various 
military installations throughout the country. Different 
climates may result in different percentage reductions in 
utility consumption levels. The pilot programs should 
include, at a minimum, one mild climate, one moderate 
climate, and one severe weather climate. Installations 
chosen for pilot programs should have improved the energy 
efficiency of the housing units through structural 
modifications. These pilot programs can be implemented at 
a fraction of the total cost of implementing the entire 
project. Many of the military family housing units already 
have individual utility meters. In order to keep the cost 
of implementing the pilot programs to a minimum, housing 
units with existing utility meters should be selected.
Once authorization is given, a direct billing system 
can be implemented. Consumption figures from existing
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utility records can be used to determine the energy 
allowance for a given type of housing unit in a given 
climate. Obviously, housing units in mild climates would 
receive a smaller allowance than housing units in severe 
c 1imates.
The main purpose of pilot programs is to determine 
whether the projected savings outweigh the projected costs, 
If the program does not inspire military families to save 
energy, the purpose of the entire project is defeated.
Pilot programs will give an indication of how military 
personnel will react to the program. Will they be hostile 
toward the program, or will they be motivated at the 
prospect of saving money through conservation methods?
Public relations campaigns would be used to educate families 
on how they can reduce their utility consumption be low 
allotted levels. Families that reduced their consumption 
be low the allotment would make money from the program. The 
pilot programs may also determine that while this program 
may be effective in severe and moderate climates, it may not 
be effective in mild climates. In short, a series of pilot 
programs would provide the opportunity for a broad-based 
study of the feasibility and appropriateness of implementing 
this policy.
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D . Legislative Obstacles- Creating a Fair and Equitable
Billing System
Existing federal law prohibits charging for utility use 
in military family housing units. Families are provided 
unlimited free utilities. As stated earlier, precedent does 
exist for creating an energy allowance and billing for 
excess utility consumption. To get the Department of 
Defense and Congress to approve a direct billing system, it 
must be fair and equitable. If the Department of Defense 
and Congress are serious about testing the possible savings 
this project will generate, they must legalize both a direct 
billing system and the initiation of pilot programs. This 
would require exemptions or alterations to existing 
statutes.
The Department of Defense should not continue the 
practice of providing unlimited free utility service for 
military families. While this project does contain 
obstacles and a large investment, pilot programs can 
effectively determine the appropriateness of full 
implementation of the project. If pilot programs result in 
decreased utility consumption levels, the adoption of a 
direct billing system is an appropriate means of reducing 
government expenditures through conservation.
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Appendix #1- Utility Usage Records
The following information is a copy of existing 
individual utility usage records for individual housing 
units at Fort Huachuca, Arizona. A sample of individual 
housing units are currently metered by the Director of 
Engineering and Housing (DEH). These housing units are 
metered so that DEH can calculate how much energy is being 
used by all of the family housing units. Total individual 
energy consumption in family housing is estimated using the 
consumption rates of the sample houses which are metered.
This information can be used to determine appropriate 
energy allowances in the implementation of this project. 
Average monthly utility consumption rates can be determined 
for each type housing unit at Fort Huachuca. The following 
information is just one page the entire monthly utility 
consumption records at Fort Huachuca.
35
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Individual Utility Meter Records- February 1989
fETER AREA FACILITY ADDRESS ELEC.PREV ELEC.PRES GAS_PREV 5AS.P1ES WTR.PREV mR_PRES
E. BE 1 t» 2M13A 113B BURT 1877.90 X o Z  I ************* ************* ************ ************S.M. BB 1 l a 29109A 199A ANDREHS 6369.* 3 d 93009.# 148387.00E.N. BB 1 %199B 1906 ANDREWS ************* 1#764.# 123280.00 '* ^ o ' 7 S /8.W. K  1 29191A 191A ANDREWS ************* 23860.# a s  ? / & 227842.00
G.K. BB 1 29191B 191B «WKWS ************* 21137.00 - 3 7 ^ 5 643707.00
BB 1 29192A 192A ANDREWS ************* 35664.# S* 7 J 7 7 -f-0.00 £ f / 2E.H. BB 1 291026 192B ANDREWS ************* W W M M e W M 22432.# 223424.00
G. M  1 20105A 193A ANDREWS ************* 2092.# ************ ■ ************
6. BB 1 29I03B 193B ANDREWS ************* ««#««««♦ 10348.00 t X S ' j s ************ ************
G.K. BB 1 20104A 194A ANDREWS ************* 19744.# 190505.00
6.N. m 1 ai04B 194B KlDREWS ************* 13813.# { S  t o t . 154353.00 f s v o o y
S.U. BB 1 20105A 105A ANDREWS ************* 19739.# 34/ 241177.00 A-9y 4 3 e
O.U. BB 1 2010SB 195B ANDREWS ************* 31741.00 244135.00
G.W. BB 1 2@106A 107A M*€WS ************* 5942.00 ************ ************
G.W. BB 1 20106B 1976 AMIREWS ************* 7892.# ************ ************
S.U. SB ! 20197A 199A ANDREWS ************* >iJn651.#^>3V ̂ 3 ************ ************
S.N. BB 1 291076 199B ANDREWS ************* . 6583.00 230420.00
£. BB 1 /V 29292A (IIK & ANDR) 7478.09 ************
E.H. BB 1 29296A lllA ANDREWS ************* 7509.00 1 0 0  3  ^  211402.00 O . IJ  4 2 /
G.U. SB ] m m lllB ANDREWS ************* 3233.00 _ 14015.00 1 U à £ £ j  _
E. B3 1 2'3-202«7A 194B EVANS 9ai5.90 *************************** ************
G.H. CP 1 211919 19! .mi€S ************* ************* 55635.00 S  7 ( 9 3 223155.00 2 ^ 3  7.? 7
&.H. CP 1 2iim 193 HINES ************* ************* 29793.00 D o y v a . 201016.00 X O ,  / O f l
G.H. CF 1 21UÇ0 107 HINES ************* ************* 26749,00 250302.00 ^ S / -4J  9
E.H. CP i 211969 199 K1I€S ************* ************* 364M.00 3 9 i  / é 195746.08 /?t ?
B.Ĥ CP 1 211079 111 HINES ************* ************* 36700.00 ^ 7 £ 5 S * 198227.00
e.U. CP 1 211980 113 HINES ************* ************* 36952.00 , 234162.00 : X 3 S X 3 7
S.* CP ! 212109 119 GRIERSON ************* ************* 4V94.004 977'V £»• %̂****«***»»» .
5. CP 1 212120 123 miBKW ************* ************* 7591.00 I 7 s y ************
K. CP 5 411990 112 «I2NES ************* ************* ************* ************* 240344.00
E,-* CP 5 411160 105 DOVE ************* ************* *************** 0*64 M̂ *><AKj(****c***t**
E.Ŵ CP 5 7 412950 104 DOVE 6918.09 n i 3 3 **************************** 364045.00
H. CP 3 412060 196 D(?7E ************* ************* ************* ************* 424773.00
S. CP 5 412089 110 DOVE ************* ************* 9303.00 **■****♦*♦*** ************ .
G. CP 5 412100 114 DOVE ************* ************* 6-777.00 ************ ************
E.S, CP 5 â 412119 116 DOVE 2593.09 754.00 I f s ************ ' ************
G.U. CP 5 421910 190 KADKN ************* ************* 5265.00 5 ' i p y 680686.00 éS-i i H 3
«. CP 5 421029 102 MADDEN ************* ************* ************* ************* 09142.00 é9-7'>7
K. Cr 5 4210^ 104 MADDEN ************* ************* ************* ************* , 5546M.00 r  I
CP 5 421059 198 MADDEN ************* ************* ************* ************* ■ 5*582625.00 X. .sx/l
H. CP 5 421960 110 MAÛKN ************* ************* ************* ************* 14813.00
G.H. CP 5 421079 112 MADDEN ************* ************* 53136.00 S S ;8E=:?.58 ! (  i f  n
E.H. CP 5 421080 114 MADDEN ************* ************* 3":270.00 V » .-ZO H 593oo8.80
G. CP 5 432129 119 MADDEN ************* ************* 27479.00 ^ 7 / ^ 7 ************
S. CP 5 4.32139 117 MADDEN ************* ************* 38309.00 U c i ' S j : ************
E. CP 5 432149 115 MADDEN ************* ************* 39959.00 ************
G< CP 5 432150 113 MADDEN ************* ************* 3;t49.00 J 3' ************
G. CP 5 432169 111 MADDEN ************* ************* 21142.00 ************
G.N. CP 5 432170 199 MADDEN ************* ************* 66676.00 524672.00 3:5.5 3 : x r
Gtw. CP 5 432180 107 MADKN ■ ************* ************* f 6763.00 459709.00 ^ 6  o  - l o  i
E.G. CP 5 /Z 452199 105 MADDEN 6558.00 m é S L 405E.00 ■VX97 ************
5. CP 5 432290 193 MADDEN ************* ************* 6773.00 ************
G. CP 5 432219 191 MADDEN ************* ************* 5354.00 ************
£, CP 6 // 435039 129 MADDEN 1438.99 ************* ************* ************G.W. CV 1 456220 195 SCHMIDT ************* ************* 0.00 138203.M - b ‘
G.H. CV 1 464019 199 SCHMIDT ************* ************* 21130.00 162345.W f € S  -V/é
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Appendix #2- Cost Estimates for Installation of Meters 
The following cost estimates were conducted by 
engineers from the Director of Engineering and Housing 
(DEH). The estimates were conducted to determine 
installation costs of installing individual gas and electric 
meters in various type housing units. The cost include both 
material and labor costs. The attached information includes 
one estimate for electric meters and one estimate for gas 
meters. A total of 11 housing units were surveyed for gas 
meters and 15 housing units were surveyed for electric 
meters.
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Cost Estimate for Electric Meters
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Cost Estimate for Gas Meters
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